Objectives: The aim of this study was to ascertain whether listening to music might cause changes in human stability and be useful in fall prevention and rehabilitation. The aim was also to find what percentage of subjects without neurologic signs or symptoms associated with falling had less than ideal stability.
INTRODUCTION

M
ost falls and gait disorders are undetected, whereas detected falls often receive inadequate evaluation, leading to a paucity of recommendations and treatments. 1 Society should invest in community fall-prevention programs 2 because there is an urgent need to develop and implement preventive measures and strategies to identify, assess, and target high-risk persons for falling. 3 Although age was shown not to be a significant predictor of serious fallrelated injury, 4 falls are the dominating injury mechanism among the elderly 5 and are a leading cause of morbidity and mortality among children 6 as well as a common cause of serious infant injuries, all of which are commonly associated with neurologic syndromes. 7 The temporal and spatial gait features of older adults who are "frail" differ substantially from other older adults. 8 Quantifying spatiotemporal gait parameters in stationary and ambulatory geriatric settings may aid the early identification of potential fallers. 9 Balance impairment is a primary risk factor in the occurrence of falls, and forceplate posturography can differentiate elderly nonfallers from fallers. 10 Individuals who might fall may have no symptoms other than abnormal posturography, leaving testing of proper balance as a critical factor in terms of fall prevention and dynamic balance as an independent predictor of a standardized quality-of-life estimate. 11 Posturography can identify individuals with high risks of falls and may provide better prediction overall of the different classes of falls than other neurologic tests. 12 Posturography is able to differentiate between elderly fallers and elderly individuals who have not fallen, and may predict a future risk of falling. 13, 14 Static posturography allows for a rapid assess-ment of equilibrium and posture in elderly patients who fall. 15 Tests of postural stability using force-plate posturography can identify, independently of age, those individuals living in the community who are at risk of falls and fall-related injuries 16 and can assist in the development of effective strategies for prevention and treatment. 17 Posturography is a more sensitive test than electronystagmography for identifying the possibility of falling 18 and is a more direct screen for risk of falls than electromyography. 19 Posturography promotes the establishment of early intervention programs and effective strategies for fall prevention and treatment. 20 Posturography can measure the velocity of sway in the anterior-posterior direction that is higher in older subjects who complain of imbalance. 21 Balance measurements obtained with posturography are generally stable across multiple evaluations 22 and can be used to measure change in patient stability after a treatment. A comprehensive assessment of postural stability (CAPS, Vestibular Technologies, Cheyenne, WY) computer dynamic posturography system has been validated to demonstrate stability and a probability of falling in the eyes-closed perturbed surface test 23 and was utilized to collect stability scores in this research. By chance, we observed behavioral and postural changes in an autistic boy listening to the voice of Nolwenn Leroy, a French singer. These changes stopped when other music was played but were evident with all songs from Nolwenn Leroy's CD. Music acts as a specific stimulus to obtain motor and emotional responses by combining movement and stimulation of different sensory pathways and is effective on motor, affective, and behavioral functions. 24 Straightened posture, stronger and more symmetric movements, and a greatly increased awareness of themselves and their environment occurs when severely demented patients listen to background music. 25 Head orientation is strongly controlled by contingent music, 26 which can affect sitting posture positively. 27 The neural networks involved in motor synchronization to auditory rhythm have been mapped in the brain and provide strong evidence for the substantial benefits of rhythmic musical stimuli in rehabilitation training with motor disorders. 28 When individuals listen to music, there is activity in the motor-related structures of the brain, specifically in lateral premotor areas, supplementary motor areas, and somatomotor areas, which are correlated with measures of rhythmicity derived from listening to music. 29 Young adults require minimal attention for the control of the rhythmic stepping mechanism while walking, 30 whereas elders have greater demands suggesting a need for multifactorial intervention strategies to prevent decline in dual-task performance, 31 which has controls associated with balance strategies involved in rhythmic walking. 32 Gait performance can be improved with rhythmic cueing 33 and motor events can be improved with auditory stimuli. For instance, 70%-80% of the adaptation of the response period to a new stimulus period of rhythmic arm movements to a syncopated metronome cue is immediately attained during the second half cycle of the syncopated movement, with a dominance of frequency entrainment over phase entrainment during rhythmic synchronization. 34 Faster rhythmic auditory stimulation produces significant improvement in mean gait velocity, cadence, and stride length in Parkinson's patients even in the presence of basal ganglia dysfunction 35, 36 and is an efficient tool in gait rehabilitation of acute stroke patients. 37 The interaction of auditory rhythm and physical response can be effectively harnessed for specific therapeutic purposes in the rehabilitation of persons with movement disorders, 38 complementing the use of music therapy in mobility training in the elderly. 39 Unconscious motor responses to auditory rhythmic stimuli can be relevant in guiding motor recovery, 40 and strong evidence exists for the substantial benefits of rhythmic stimuli in rehabilitation training with motor disorders. 28 Even t'ai chi training can reduce fall occurrences. 35 Unconscious motor responses to auditory rhythmic stimuli, coordinated by the cerebellum and brain, can be relevant in guiding motor recovery and modulating music perception. 40 Functional magnetic resonance imaging studies comparing cortical blood flow activation by a Mozart Sonata versus other music demonstrate significant differences in activation in dorsolateral prefrontal cortex, occipital cortex, and cerebellum. 41 Listening to Mozart causes more psychologic relaxation and less stress than other music. Different music evokes different brain responses. 42 The understanding of music's role and function in therapy and medicine is undergoing a rapid transformation, based on neuroscientific research showing the reciprocal relationship between studying the neurobiologic foundations of music in the brain and how musical behavior through learning and experience changes brain and behavior function. 43 
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MATERIALS AND METHODS
Two hundred and ten (210) adult healthy volunteers were randomized into 3 blinded music listening groups and 1 control group. Computerized dynamic posturography, a standard diagnostic test of balance function, was the outcome measurement. [44] [45] [46] [47] [48] [49] Balance was tested using a three-component force platform (CAPS) with eyes closed on a perturbing surface, the single test that best correlates with balance impairment and falls. The stability score 12,18,50 was used as the primary outcome measure. All subjects were given a CD without identifying marks in a Sony CD Walkman with earphones. Group 1 listened to a Mozart selection, group 2 listened to a slow song by Nolwenn Leroy, group 3 listened to a fast song by Nolwenn Leroy, and the control group listened to white noise. CAPS tests were obtained immediately before and after the initial listening task. Subjects were given a log sheet and listened to their music every morning in a quiet environment. CAPS tests were obtained again at intervals of 1 week and 1 month. Because the Nolwenn Leroy groups demonstrated significant improvements when compared to Mozart and White Noise, we included the music of 6 other artists chosen at random (3 French and 3 American) on 6 new randomized groups composed of 60 healthy adult volunteers and repeated the experiment. None of the subjects spoke or understood French.
Normative age-adjusted data for the CAPS test were available that defined ideal stability in the general population. Subjects were classified as below ideal or ideal based on this data. Our institutional review board approved the trials, and written informed consent was obtained from all participants. The study ran from December 1, 2003 through November 1, 2004 and conformed to the code of ethics of the World Medical Association (Declaration of Helsinki) and was funded by the Carrick Institute, USA ClinicalTrials.gov Identifier: NCT00121693. Pretest and post-test CAPS scores were collected for the 10 treatment conditions. A one-way analysis of variance (ANOVA) was performed to determine whether there were any significant differences among CAPS scores at three post-treatment times (10 minutes, 1 week, and 1 month). A one-way ANOVA was performed to determine whether there were significant differences among 10 treatment conditions. The dependent variable was the change in CAPS score, where change was operationally defined as the average of the post-test scores minus the pretest score. The factor variable was the treatment condition. Posthoc least significant difference (LSD) t-tests were use to identify the nature of the differences. A stepwise multiple regression model was prepared using forward inclusion with backward elimination. The F-to-enter was set to 4.0 and the F-to-remove was set to 3.9. The dependent variable was the change in CAPS score. The independent variables were age, gender, pretest CAPS score, and treatment condition. The final regression model was used to estimate the proportion of variability in the observed effect (change in CAPS score) that could be explained by the treatment condition.
RESULTS
Twenty-eight (28) subjects dropped out between 1 day and 1 week and another 7 dropped out between 1 week and 1 month. Compliance of the daily listening task for the re- maining subjects was excellent. Their ages ranged from 22 to 74. The overall mean age of the sample was 41.9 (SD ϭ 12.5) and the median was 39. A one-way ANOVA was performed to determine there were any significant differences in the age composition of the ten treatment conditions. The dependent variable was age and the factor variable was treatment condition. Table 1 shows that the F-ratio was not significant: F(9,256) ϭ 0.755, p ϭ 0.658, indicating no significant differences in the age compositions of the 10 treatment conditions. Because ANOVA is specifically testing for differences among variances, it was assumed for subsequent analyses that the age compositions of the 10 treatment conditions were approximately equal (Table 1) . Overall, one hundred and fifty (150) (56.4%) of the sample were males and 116 (43.6%) were females. A chi-square test showed no significant relationship between gender and treatment condition, 2 (9, n ϭ 208) ϭ 2.051, p ϭ 991. CAPS tests were administered at 10 minutes, 1 week, and 1 month after treatment.
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The first analysis was to determine whether posttest CAPS scores were stable over time. A one-way ANOVA was performed to determine whether there were any significant differences among CAPS scores at the three post-treatment times. Table 2 shows that there was little variation in the mean CAPS scores at the three post-treatment times. The F-ratio was not significant: F(2,559) ϭ 0.176, p ϭ 0.839. Because there was no significant variation in post-test CAPS scores, posttest CAPS scores were averaged in subsequent analyses to provide a single post-test score for each subject ( Table 2 ). An independent samples t-test between means was performed to determine whether there was a relationship between gender and pretest CAPS scores. The means were nearly identical and the t statistic was not significant: t(264) ϭ 0.064, p ϭ 
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a The first number in each column is the below ideal pretest percent. The second number in each column is the below ideal posttest percent. The third number in parentheses in each column is the sample size for that treatment condition for that age group. 0.949. Thus, it was concluded that there was no significant difference between males and females for the pretest CAPS scores. A simple least-squares regression analysis was performed to determine whether there was a significant relationship between age and pretest CAPS scores. The t-test for the significance of the slope was significant: t(264) ϭ Ϫ8.057, p Ͻ 0.0001. Pearson's product-moment correlation coefficient was negative (r ϭ Ϫ0.444), indicating a moderate strength relationship. As expected, older subjects were more likely to have a lower pretest CAPS score. The dependent variable for subsequent analyses was the amount of change in the CAPS score from pretest to post-test. The change in CAPS was operationally defined as the average post-test score minus the pretest score. A positive change score would indicate increased stability. Table 3 shows the change scores for each of the 10 treatment conditions. Both Nolwenn Leroy treatment conditions had mean change scores that were substantially greater than the others (Table 3) .
A one-way ANOVA was performed to determine whether there were significant differences in the change scores (average post-test scores minus pretest scores) depending on treatment condition. The dependent variable was the change score and the factor variable was the experimental treatment condition. The F-ratio revealed that the change in CAPS score was dependent on the experimental condition: F(9,256) ϭ 19.159, p Ͻ 0.001. Post-hoc least significant difference t-tests showed that three of the treatment conditions were significantly higher than the control group, Mozart, Nolwenn Leroy "14 Février," and Nolwenn Leroy "Suivre une Étoile." Table 4 shows the t statistics comparing each of these to the control group.
Post-hoc lsd t-tests also revealed that the Nolwenn Leroy "14 Février" and Nolwenn Leroy "Suivre une Étoile" conditions had change scores that were significantly greater than all other treatment conditions. There was no significant difference in the change scores between the Nolwenn Leroy "14 Février" and Nolwenn Leroy "Suivre une Étoile" conditions, t(96) ϭ 1.063, p ϭ 0.291. Dummy variables were created for all treatment conditions and gender. These were used in a stepwise multiple regression model. The dependent variable was the change score. The independent variables were the treatment conditions, pretest CAPS score, age, and gender. The pretest CAPS score was included as an independent variable because it had previously been determined that there was a significant relationship between age and pretest CAPS scores, (r ϭ Ϫ0.444, p Ͻ 0.0001). Five independent variables were stepped into the regression model, four dummy variables (Mozart, Nolwenn Leroy "14 Février," Nolwenn Leroy "Suivre une Étoile," and the control treatment group), and pretest CAPS score. The overall F-ratio was significant: F(5,260) ϭ 65.409, p Ͻ 0.001 and the r 2 indicated that 55.7% of the variability in CAPS change could be explained by the independent variables. The signs of the regression coefficients are especially revealing. Both Nolwenn Leroy treatment conditions and the Mozart condition had positive coefficients, indicating that subjects in those groups had greater changes in their CAPS scores. In contrast, the coefficient for the pretest CAPS score was negative. Thus, subjects who had higher pretest CAPS scores showed less change in their CAPS scores. In other words, the change in CAPS score was more pronounced for those who initially had a lower CAPS score. The sign of the con- trol group was also negative, indicating that being in the control group was associated with less change in CAPS score. In addition, the Beta weight for the control group condition was considerably lower than the others, and its effect on the change in CAPS score was less. An additional regression analysis was performed in which the effects of pretest CAPS score, the Mozart condition, and the control group condition were subtracted from each side of the equation in order to find the r 2 for the Nolwenn Leroy conditions in the absence of those effects. The r 2 was 0.449, indicating that 44.9% of the variability in the change in CAPS score could be attributed to being in the Nolwenn Leroy treatment conditions. An entirely different approach was also explored. Normative age-adjusted data for the CAPS were available that defined the minimum CAPS score for ideal stability in the general population. Pretest CAPS scores and posttest average CAPS scores were classified as below ideal or ideal based on the age-adjusted normative data. Table 5 shows the below ideal percentages for each age group and for each experimental condition. The first number is the below ideal rate for the pretest and the second number is the below ideal rate for the post-test. No significance tests were performed because of the small sample sizes. Age-adjusted normative scores were calculated in order to focus specifically on the effect of moving a belowideal subject into the ideal range. Thus, all subjects who had ideal pretest CAPS scores (n ϭ 72) were omitted from subsequent analyses. Table 6 shows the data for 194 subjects who had below ideal pretest scores, broken down by the treatment conditions. The percentages in the two rightmost columns might be viewed as partial and full success rates, respectively. Although the Ns are quite small, there was some improvement in the CAPS score for all French artists and U.S. artists treatment conditions. Thus, the procedure itself of listening to music each day appears to have some effect regardless of the artist, in contrast to the control group. Only Mozart and the Nolwenn Leroy conditions appeared to improve a substantial percentage of the subjects to the ideal stability range. Previous analyses had revealed no differences between the two Nolwenn Leroy treatment conditions. Therefore, they were combined in order to establish 95% confidence intervals around the success rate. The success rate for the combined Nolwenn Leroy treatment conditions was 71.8% Ϯ 10.7%. If repeated samples were drawn from the population, the expected success rate for the Nolwenn Leroy treatment conditions would fall between 61.1% and 82.5% for 95% of those samples. A confidence interval for the Mozart condition was not calculated because of the small sample size (n ϭ 25).
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DISCUSSION
Seventy-three percent (73%) of healthy subjects had stability scores below the ideal level, suggesting an increased probability of falling. The effects of music listening on postural stability are dynamic and immediate and are stable even up to 1 month with a daily morning-listening task. Music has a unique effect on postural stability that is music specific. The ability to measure the brain-based postural responses to music promotes the utilization of different types of music by those involved in rehabilitation medicine. This study involved stability scores obtained from English-speaking subjects whose improvement in stability scores was associated with one French singer and not with other French or English singers. We suggest future studies involving different language speakers.
CONCLUSIONS
Dynamic posturography can reveal abnormal stability and is a stable instrument that might measure the effect of a treatment. Listening to certain music has the potential to change human stability and is beneficial in rehabilitation applications geared to increase human function and decrease disability, but all music is not equal. The greatest change in postural stability in this study has been observed by listening to the voice of Nolwenn Leroy. This Nolwenn Effect should be investigated further to ascertain why her voice is different in outcome. Further applications of this therapy in controlled studies involving patients with a variety of neurologic lesions are needed. The use of music in neurologic applications may prove to be an inexpensive method of treatment that has great societal implications.
